Mutation of a neutral amino acid in the transit peptide of rat mitochondrial malate dehydrogenase abolishes binding and import.
We have investigated the function of a leucine residue in the transit peptide of the rat mitochondrial malate dehydrogenase precursor using in vitro mutagenesis. Amino acid replacement of leucine 13 with glutamic acid and asparagine abolished import into mitochondria, while substitutions with proline, histidine, and arginine severely diminished uptake. In contrast, glutamine, tyrosine, valine, and alanine replacement resulted in normal levels of import, suggesting that there is a requirement for an uncharged residue at this position. Mutants involving rearrangements of the native sequence at positions 12-14 were imported as efficiently as the wild-type mitochondrial malate dehydrogenase, indicating that there was not an obligatory order of amino acid residues. However, deletion of leucine 13 resulted in diminished import. Binding studies with isolated mitochondria revealed that several position 13 mutants were deficient in binding to the mitochondrial surface, accounting for the reduced import of these proteins. This impairment could be distinguished from the effects due to decreased positive charge. We conclude that while translocation depends on the net positive charge, binding to the mitochondrial surface is mediated by uncharged residues within the transit peptides of mitochondrial precursor proteins.